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(54) Adhesive for bonding together vinylidene fluoride resin and substrate 

(57) The invention provides an adhesive for bonding 
together a first substrate made of a vinylidene fluoride 
resin and a second substrate. This adhesive includes an 
elastic fluorohydrocarbon resin, a polyisocyanate, and 
an organic solvent. This elastic fluorohydrocarbon resin 
is obtained by graft copolymerization of a fluorine-con- 
taining copolymer with a vinylidene fluoride monomer. 
This copolymer is prepared by copolymerizing at least 
one first fluorine-containing monomer with at least one 
unsaturated monomer that has peroxy bond. The adhe- 
sive itself is superior in durability, and bond strength 
between the first and second substrates is also supe- 
rior. 
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Description 

BACKGROUND O F THE INVENTION 

5 The present invention relates to an adhesive for bonding together a first substrate made of a vinylidene fluoride 
resin and a second substrate and thus for preparing a laminate which is in the form of, for example, film, sheet or com- 
posite cloth. 

Vinylidene fluoride (VDF) resin, which is a general term referring to pdyvinylidene fluoride (PVDF) ortoVDF copol- 
ymer, is widely known as heing resistant against corrosive chemicals and ultraviolet rays and as being superior in 
10 mechanical characteristics. Of f luororesins, VDF resin is particularly superior in extrudability and meltability for use as 
a powder coating or the like. Therefore, VDF resin is widely used as an anticorrosion coating for metal and as an electric 
wire coating. Furthermore, VDF has a superior characteristic as a barrier against gases, as compared with other f luor- 
oresins. 

VDF resin film is widely used as a coating on a substrate, for providing the substrate with chemical resistance, stain 
is resistance and the like, For example, there is provided a commercial VDF-resin product for an awning of truck and the 
like. In this product, a PVDF film having a thickness of about 5 urn is stuck to a sort polyvinyl chloride sheet by an acrylic 
adhesive. 

U.S. Patent No. 4,472,557 discloses an elastic f luorohydrocarbon resin obtained by graft copdymerization of a flu- 
orine-containing elastomeric polymer with a fluorine-containing crystalline polymer (e.g., PVDF). Japanese Patent 
20 Unexamined Publication JP-A-64-22547 discloses an elastic f luorohydrocarbon resin film stuck to a substrate by a poly- 
urethane resin layer (adhesive). This elastic fluorohydrocarbon resin film is obtained by graft copolymerization of a flu- 
orine-containing elastomeric polymer with PVDF. 

However, conventional adhesives for bonding together VDF resin and another material are inferior to the VDF resin 
itself in weathering resistance, water resistance, heat resistance, and the like. Therefore, these adhesives may be dete- 
25 riorated under a condition of outdoor use for a long period of time or under a condition of severe temperature and severe 
humidity. With this, for example, the VDF resin may peel off the adhesive. 

SUMMARY OF T HE INVENTION 

30 It is therefore an object of the present invention to provide an adhesive for bonding together a first substrate made 
of a VDF resin and a second substrate, which adhesive is superior in bond strength and durability such as weathering 
resistance, water resistance, heat resistance or the like. 

According to the present invention, there is provided an adhesive for bonding together a first substrate made of a 
vinylidene fluoride resin and a second substrate. This adhesive comprises an elastic fluorohydrocarbon resin, a polyiso- 

35 cyanate, and an organic solvent. 

In fact, an adhesive according to the present invention is superior in durability and very effective for bonding 
together a first substrate made of a vinylidene fluoride resin and a second substrate having thereon active hydrogen. 
Therefore, a laminate having a superior bond strength is formed by using the adhesive. 

In general, the laminate is prepared by a method comprising the sequential steps of: (a) coating the second sub- 

40 strate with the adhesive to form thereon an adhesive film; (b) vaporizing the organic solvent to dry the adhesive film; 
and (c) sticking the first substrate to the adhesive film by adding heat. After completing the step (b), the surface of the 
adhesive film turns into a non-sticky condition. Therefore, after the completion of the step (b), if necessary, the coated 
second substrate can be stored in the shape of roll. This is very effective for continuously producing the laminate in an 
industrial scale. 

45 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, an adhesive according to the present invention for bonding together a first substrate made of a 
vinylidene fluoride (VDF) resin and a second substrate will be described. By using this adhesive, the first substrate is 
so stuck to the second substrate to improve the surface characteristics of the second substrate and to prepare a laminate. 
In this laminate, the first substrate as a protective layer is formed on the second substrate with an interposal of the adhe- 
sive therebetween. The adhesive comprises an elastic fluorohydrocarbon resin, a polyisocyanate, and an organic sol- 
vent. 

In the invention, the VDF resin of the first substrate comprises at least one of a polyvinylidene fluoride (PVDF) and 
55 a copolymer of VDF and at least one other monomer. It is preferable that this VDF resin has a molar ratio of a VDF 
structural unit to at least one other structural unit caused by the at least one other monomer of from 50:50 to 100:0. rf 
this molar ratio is less than 50:50, the VDF resin may have a rubber-like elasticity too much. With this, the first substrate 
may not be suitable for improving the surface characteristics of the second substrate. The at least one other monomer 
is not limited to a particular monomer. Examples of the at least one other monomer arc tetraf luoroethylene, hexaf luor- 
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opropylene, chlorotrifluoroethylene, and hexafluoro acetone, in the invention, the VDF resin may comprise a block or 
graft polymer of PVDF, VDF and at least one other monomer, a block or graft polymer of at least two different vinylidene 
fluorides and at least one other monomer, and a resin blend of these polymers. 

In the invention, it is preferable that the above-mentioned elastic fluorohydrocarbon resin of the adhesive is 

5 obtained by graft copolymerization of a fluorine-containing copolymer with a VDF monomer. This copolymer has a glass 
transition temperature below room temperature. Thus, the fluorine-containing copolymer's segment in the resin pro- 
vides the adhesive with a necessary softness, a sufficient solubility for dissolution in the organic solvent, and a sufficient 
bond strength to be stuck to the second substrate. On the other hand, the PVDF segment which is formed in the resin 
by the graft copolymerization provides the adhesive with a sufficient heat fusibility with the VDF resin of the first sub- 

10 strata 

It is preferable that the elastic fluorohydrocarbon resin is prepared by a method comprising the steps of: 

(a) copolymerizing at least one first fluorine-containing monomer with at least one second monomer having (i) at 
leapt one double bond and (ii) at least one peroxy bond, thereby to produce the fluorine-containing copolymer hav- 

75 ing a peroxy bond capable of decomposition during graft copolymerization; 

(b) providing a dispersion of said fluorine-containing copolymer in a liquid medium; 

(c) introducing into said dispersion a third vinyl idene-fluoride monomer; and 

(d) polymerizing said third monomer in said dispersion so as to cause decomposition of said peroxy bond, thereby 
causing at least a portion of said third monomer to undergo graft copolymerization with said copolymer. 

20 

Examples of the at least one second monomer having (i) at least one double bond and (ii) at least one peroxy bond 
are unsaturated peroxy esters such as t-butyl peroxymethacrylate and t-butyl peroxycrotonate, and unsaturated perox- 
ycarbonates such as t-butyl peroxyallylcarbonate and p-menthane peroxyallylcarbonate. 

The fluorine-containing copolymer is not particularly limited in composition. Examples of this copolymer are copol- 
25 ymers of VDF and hexafluoropropylene (HFP), ternary copolymers of VDF, HFP and tetrafluoroethylene (TFE), and 
copolymers of VDF and chlorotrifluoroethylene (CTFE). 

It is preferable that the ratio of the fluorine-containing copolymer to PVDF which is used in the graft copolymeriza- 
tion is within a range from 30:70 to 95:5 by weight. If the amount of this PVDF is less than 5 parts by weight, the adhe- 
sive may become insufficient in bond strength with the VDF resin, after the VDF resin is stuck to the adhesive by adding 
30 heat. If the amount of the fluorine-containing copolymer is less than 30 parts by weight, the adhesive may become 
insufficient in softness and in solubility for dissolution in the organic solvent. 

In the invention, the polyisocyanate is not particularly limited, and thus it can be selected from various polyisocy- 
anates. It is considered that the mixing of the polyisocyanate with the elastic fluorohydrocarbon resin serves to increase 
the bond strength between the adhesive and the second substrate, and that the polyisocyanate reacts mainly with ter- 
35 minal groups of the elastic fluorohydrocarbon resin, thereby to improve the adhesive in creep resistance, heat resist- 
ance and the like. 

The mixing ratio of the polyisocyanate to the elastic fluorohydrocarbon resin is preferably within a range from 
0.3:100 to 50:100 by weight and more preferably within a range from 0.5:100 to 30:100 by weight. If the amount of the 
polyisocyanate is less than 0.3 parts by weight, the effect of the polyisocyanate addition may be insufficient. If the 

40 amount of the polyisocyanate is greater than 50 parts by weight, the adhesive may become insufficient in softness, 
chemical resistance and weathering resistance. 

Examples of the polyisocyanate are ethylene diisocyanate, tetramethylene diisocyanate, hexamethylene diisocy- 
anate (HDI), dodecamethylene diisocyanate, 1,6,11-undecane triisocyanate, 2,2,4-trimethylhexane diisocyanate, 2,6- 
diisocyanate methylcaproate (LDI), bis(2-isocyanate ethyl) fumarate, bis(2-isocyanate ethyl) carbonate, 2-isocyanate 

45 ethyl-2,6<liisocyanate hexanoate, isophorone diisocyanate (IPDI), 4,4-diphenylmethane diisocyanate (MDI), dicy- 
clohexylmethane diisocyanate (hydrogenated MDI or HMDI), cyclohexylene diisocyanate. methylcyclohexylene diisocy- 
anate (hydrogenated TDI), bis(2-isocyanate ethyl)-4-cyclohexene-1,2-dicarboxylate, xylylene diisocyanate (XDI), 
diethylbenzene diisocyanate, tolylene diisocyanate (TDI). Further examples of the polyisocyanate are urethane 
adducts, biuret compounds, isocyanurates. blocked isocyanates and urethane prepolymers, which are prepared by 

so using the above-mentioned examples of the polyisocyanate, such as water-modified HDI, TDI dimer, TDI-trimethylol- 
propane (TMP) adduct (L), HMDI-biuret compound, blocked L-phenol compound, IPDI trimer, and mixtures of at least 
two of these examples. 

With respect to the selection of the polyisocyanate, when the discoloration of the adhesive is unfavorable, polyiso- 
cyanates of which isocyanate group is not positioned adjacent to the benzene nucleus are preferably used. Examples 
55 of these polyisocyanate are aliphatic diisocyanates such as HDI, XDI and LDI, alicyclic isocyanates such as IPDI, 
hydrogenated MDI and hydrogenated XDI. Furthermore, urethane adducts. biuret compounds, isocyanurates, blocked 
isocyanates and urethane prepolymers, which are prepared by using these examples of the polyisocyanate, can be also 
preferably used. 

In the invention, the second substrate having active hydrogen (HX) on the surface thereof, which is capable of 
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reacting with isocyanate group is preferably used, because a particular pretreatment on the second substrate's surface 
is not necessary. Examples of functional groups containing the active hydrogen are -OH, -COOH, -NH 2 . -CONH and 
ester groups. As polymers containing these functional groups, for example, poly(meta) acrylic acid (ester), poly- 
urethane and polyamide can be cited. In the invention, the second substrate may be, for example, a substrate made of 
5 a resin which has active-hydrogens as a pendant functional group, a substrate made of a blended resin between a resin 
having active-hydrogens and another resin not having it, or a substrate coated with an active-hydrogen containing 
material. 

If the second substrate is made of metal, glass or the like, the second substrate is coated with a primer such as 
silane coupling agent. The silane coupling agent which can be used in the invention is a silane represented by R 1 - 

w Si(OR 2 )3, where R 1 is an organic functional group such as vinyl group or amino group, and OR 2 is a hydrolyzable group 
such as halide group, acyloxy group or alkoxyl group. Examples of such silane are chloroalkyl group containing silanes 
such as y-chloropropylmethyldichlorosilane, y-chloropropylmethyldimethoxysilane, y-chloropropylmethyldiethoxysilane, 
y-chloropropyrtrimethoxysilane and y-chloropropyltriethoxysilane; unsaturated group containing silanes such as vinyl- 
trichlorosilane, vinyltriethoxysilane, vinyltris (methoxyethoxy)silane and y-methacryloxypropyltrimothoxysiiane; y-glyci- 

15 doxy- and epoxy-containing silanes such as y-glycidoxypropyltrimethoxysilane, y-glycidoxypropyltriethoxysilane, y- 
glycidoxypropylmethyldiethoxysilane, y-glycidoxypropylmethoxysilane and y-g'ycidoxypropylsilane triol; mercapto-con- 
taining silanes such as y-mercaptopropyttrimethoxysilane; and amino-containing silanes such as y-aminopropyltrimeth- 
oxysilane, y-aminopropyltriethoxysilane, y-aminopropylmethyldiethoxysilane and N-(2-aminoethyl)-3- 
aminopropyltrimethoxysilane. Of these examples, the amino-containing silanes are the most preferable examples. 

20 In case that a resin (e.g., polyethylene or polytetrafluoroethylene) to which an adhesive according to the present 
invention is hardly stuck is used for the second substrate, a certain treatment (e.g. flame treatment, corona discharge 
treatment, or sodium etching treatment) should be conducted. With this, a functional group(s) having active hydrogen 
is formed on the surface of this resin. Therefore, a strong bonding between the adhesive and the resin can be achieved. 
Thus, the second substrate is not limited in material as long as the second substrate is made of a material which can 

25 be formed into a fibrous or platelike shape. Therefore, the material for the second substrate can be selected from vari- 
ous materials, according to the requisite characteristics therefor in mechanical strength, heat resistance, weathering 
resistance, transparency and the like. 

The first and second substrates are not particularly limited in shape. It is preferable that these substrates are plate- 
like in shape. In particular, it is preferable that at least one of these substrates is platelike, sheet or film-like in shape. 

30 These substrates may or may not have hole(s) and/or pattern(s), and may or may not be formed into a woven fabric or 
nonwoven fabric. 

The organic solvent of the adhesive can be selected from various organic solvents. In view of solubility of the elastic 
fluorohydrocarbon resin, it is preferable to select the organic solvent from high-polarity organic solvents such as N.N- 
dimethylformamide (DMF), N,N-dimethylacetoamide and N-methylpyrrolidone, and ketones and esters such as ace- 

35 tone, methyl ethyl ketone, methyl isobutyl ketone,, ethyl acetate and tetrahydrofuran. As the organic solvent of the 
present invention, it is possible to use at least one solvent selected from the group consisting of high-polarity solvents 
and other solvents (e.g., ketones and esters). For example, as the organic solvent, it is possible to use a solvent mixture 
of at least one high-polarity solvent and at least one other solvent. 

The mixing ratio of the organic solvent to the total of the elastic fluorohydrocarbon and the polyisocyanate is 

40 decided according to the requisite viscosity of the adhesive to prepare an aimed adhesion. In general, the amount of 
the organic solvent is adjusted such that the concentration of the total of the elastic fluorohydrocarbon and the polyiso- 
cyanate is from 1 to 60 wt% based on the total height of the adhesive solution. 

It, general, the laminate is prepared by a method comprising the sequential steps of: (a) coating the second sub- 
strate with the adhesive to form thereon an adhesive film; (b) vaporizing the organic solvent to dry the adhesive film; 

45 and (c) sticking the first substrate to the adhesive film by adding heat. The coating method may be selected from usual 
methods such as dip coating, coating with brush, spray coating, roller coating, flow coating and curtain flow coating. The 
vaporization of the organic solvent may be conducted using heat or without using heat. The above-mentioned step (c) 
is conducted by adding heat under a certain pressure (preferably from about 5 to 1 00 kgf/cm 2 to get the flat surface) or 
without adding any pressure. The heating temperature during the step (c) is limited to a certain range by the degree of 

so heat resistance of the second substrate. In case that the second substrate is made of a heat resistant material such as 
glass or glass fiber, it is preferable that the step (c) is conducted at a temperature not higher than 280 °C for maintaining 
the proper function of the adhesive. If this temperature is not higher than 180 °C, the VDF resin may not be melted in 
the step (c). With this, the VDF resin may not be stuck to the adhesive film. The step (c) may be discontinuously con- 
ducted for preparing each piece of laminate or continuously conducted for preparing a roll of laminate. 

55 The following examples are illustrative of the present invention, but these examples are not limitative. 

EXAMPLE 1 

In this example, an adhesive according to the present invention was prepared; then the first and second substrates 
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were bonded together by the adhesive to prepare a laminate; and then evaluation tests were conducted on the lami- 
nate, as follows. 

(A) PREPARATION OF ELASTIC FLUOROHYDROCARBON RESIN 

5 

At the first step, 50 kg of purified water, 100 g of potassium persulfate, 150 g of ammonium perfluorooctanoate and 
1 00 g of t-butyl peroxyatly I carbonate were introduced into a 1 00-liter stainless steel autoclave, and. after exhausting the 
gas atmosphere of the autoclave, 12.5 kg of VDF monomer and 7.55 kg of chlorotrifluoroethylene (CTFE) monomer 
were additionally charged into the autoclave. The resultant mixture was subjected to polymerization reaction at 50 °C 

10 for 20 hr with continuous stirring. The product of the reaction had an appearance of white latex, and by a salting-out 
treatment it turned into a rubber-like powder. The powder was washed with water, dried in vacuum, then washed with 
n-hexane to completely remove unreacted residue of t-butyl peroxyallylcarbonate and again dried in vacuum. Obtained 
as the result was 16 kg of a copolymer (i.e, the fluorine-containing copolymer) in the form of white powder. 

A characteristic curve obtained by thermal analysis of the copolymer by using a scanning differential calorimeter 

15 (DSC) exhibited an exothermic peak at 1 60-1 80 °C, The peak was judged to be attributed to the decomposition of per- 
oxy bond. By DSC analysis at low temperatures, the glass transition temperature of the copolymer was determined to 
be -26.5 °C. By iodimetric titration, the content of active oxygen in the copolymer was measured to he 0.042%. By ele- 
mental analysis of the copolymer, the molar ratio of the VDF structural unit to the CTFE structural unit was determined 
to be 80:20. 

20 At the second step, 12 kg of the thus obtained copolymer and 75 kg of R-1 13 (1,1,2-trichlorotrifluoroethane) were 
introduced into a 100-liter stainless steel autoclave. After exhausting the gas atmosphere of the autoclave. 6 kg of VDF 
monomer was additionally charged into the autoclave, and the resultant mixture was subjected to graft copolymeriza- 
tion reaction at 95 °C for 24 hr. 

A copolymer formed by this reaction was separated from the solvent and dried to obtain 16.6 kg of white powder 

25 (i.e. the elastic f luorohydrocarbon resin). By the calculation from the yield, it was found that 38.3 parts by weight of VDF 
monomer underwent graft copolymerization with 100 parts by weight of the copolymer obtained by the first step. 

(B) PREPARATION OF ADHESIVE 

30 1 00 g of the above-prepared elastic f luorohydrocarbon resin and 400 g of N,N-dimethyrfor mamide were introduced 
into a 1 -liter glass beaker. Then, the mixture was stirred for 1 hr to dissolve the resin, using T. K. HOMODISPER (trade 
name) which is a high-speed stiffer made by Tokushu Kika Kogyo Co. at a speed of 2,000 r.p.m. To this solution, 70 g 
of methyl ethyl ketone and 1 1 .4 g of CORONATE HX (trade name) which is a polyisocyanate made by Nippon Poly- 
urethane Industry Co. were additionally added for preparing an adhesive, while stirring was conducted. This polyisocy- 

35 anate, CORONATE HX, is a non-yellowing type polyisocyanate containing HDI as a raw material and an isocyanurate 
ring. 

(C) PREPARATION OF LAMINATE 

40 At first, one major surface of a taffeta cloth which has widths of 30 cm and a thickness of 0.3 mm and is made of 
nylon-6 fibers having a thickness of 720 deniers was coated with the above-prepared adhesive by a bar coater. Then, 
the coated doth was dried in an oven at 130 °C for 2 min. The amount of the dried adhesive formed on the taffeta cloth 
was about 15 g per 1 m 2 of the cloth. 

Separately, HYLAR461 which is a polyvinylidene fluoride made of AUSIMONT Co. and the above-prepared elastic 

45 fluorohydrocarbon resin were mixed together in a ratio of 1 :2 by weight. This mixture was kneaded by two rolls which 
were kept heated at 180 °C, and then press-shaped at a constant rate into a 0.1 mm thick film (i.e., VDF resin film). 

Then, the VDF resin film was placed on the coated cloth to prepare a laminate in a manner to interpose the adhe- 
sive therebetween. Then, this laminate was interposed between 1 mm thick stainless steel plates and then maintained 
under a pressure of 1 0 kgf/cm 2 in a compression molding machine heated at 200 °C. Then, the laminate was taken from 

so the machine and then allowed to cool down. 

(D) EVALUATION TESTS 

The tensile peeling test was conducted on the laminate in accordance with Japanese Industrial Standard (JIS) K 
55 6328 using a rubber-coated cloth. In this test, peeling occurred at the boundary between the taffeta cloth (second sub- 
strate) and the adhesive and also in the inside of the adhesive (i.e., cohesive failure). The result is shown in Table 1 . 

The accelerated weathering test was conducted by putting the laminate for seven days in a thermo- and humidi- 
stat maintained at 85 °C and 95% humidity. After this weathering test, the above-mentioned tensile peeling test was 
conducted. In this peeling test, peeling occurred at the boundary between the taffeta cloth and the adhesive and also 
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in the inside of the adhesive. The result is shown in Table 1 . 
COMPARITIVE EXAMPLE 1 

5 In this comparative example. Example 1 was slightly modified as follows. At first, the VDF resin film (the first sub- 
strate) of Example 1 was coated with a commercial polyurethane adhesive by a bar coater. This adhesive has a trade 
name of CRISBON which is made by Dai Nippon Ink Co. and contains 1 00 parts by weight of CRISBON C-4365T as a 
main component, 8 parts by weight of CRISBON NX (trade name) as a crosslinking agent, 3 parts by weight of CRIS- 
BON ACCELERANT HM (trade name) as an accelerant, and a solvent containing DMF and toluene in a ratio of 1 :40 by 

10 weight. After that, the coated VDF resin film was dried in an oven of 80 °C for 1 min to vaporize the solvent. The amount 
of the dried adhesive formed on the VDF resin film was about 40 g per 1 m 2 of the VDF resin film. 

Ttie thus prepared VDF resin film coated with the polyurethane adhesive was immdiately placed on the taffeta cloth 
of Example 1 to prepare a laminate. Then, this laminate was allowed to stand still at room temperature for 24 hr. The 
same evaluation tests as those of Example 1 were conducted, and the results are shown in Table 1 . In the peeling test 

15 before and after the weathering test, peeling occurred at the boundary between the VDF resin film and the adhesive. In 
fact, the VDF resin film peeled off the adhesive by the weathering test. 



Table 1 



20 




Peeling Strength (kgf/cm 2 ) 






Before Weathering Test 


After Weathering Test 




Example 1 


2.5 


2.3 


25 


Com. Ex. 1 


0.8 


<0.1 



EXAMPLE 2 

30 

In this example, Example 1 was slightly modified as follows. At first, a glass plate having widths of 20 cm and a 
thickness of 3 mm was immersed into an aqueous solution containing 5% of a silane coupling agent which is an ami- 
nosilane. that is, SH6020 (trade name) made by Toray-Dow Corning-Silicone Co. Then, the glass plate was dried at 120 
°C for 2 min. Then, one major surface of this glass plate was coated with the adhesive of Example 1 by a bar coater, 

35 followed by drying in an oven at 130 °C for 2 min to vaporize the solvent. The amount of the dried adhesive formed on 
the glass plate was about 10 g per 1 m 2 of the glass plate. Then, a commercial PVDF film which has a thickness of 0.1 5 
mm and is made by SOLVE Y Co. was placed on the coated glass plate to prepare a laminate. Then, this laminate was 
interposed between two f luoro-rubber plates, then maintained under a pressure of 5 kgf/cm 2 for 2 min in press machine 
heated at 200 °C, and then was allowed to cool down. The peeling test was conducted on the laminate in the same 

40 manner as in Example 1 . The result is shown in Table 2. An accelerated weathering test was conducted on the laminate 
by exposing the PVDF film side of the laminate to the light in a sunshine weathermeter with a black panel temperature 
of 60 °C for 2,000 hr. After this weathering test, the same peeling test was conducted. The result is shown in Table 2. 

COMPARATIVE EXAMPLE 2 

45 

In this comparative example. Example 2 was repeated except in that the polyisocyanate was omitted in the prepa- 
ration of the adhesive. 

COMPARATIVE EXAMPLE 3 

50 

In this comparative example, Example 2 was slightly modified as follows. At first, a glass plate which had been 
treated with a silane coupling agent in the same manner as in Example 2 was coated with an commercial acrylic adhe- 
sive, that is, NB-91 B (trade name) made by Kyodo Yakuhin Co., by a bar coater. Then, the coated glass plate was dried 
at 80 °C for 2 min to vaporize the solvent. The amount of the dried adhesive formed on the glass plate was about 10 g 
55 per 1 m 2 of the glass plate. Then, the PVDF film of Example 2 was stuck to the coated glass plate in the same manner 
as in Example 2 to prepare a laminate. The same evaluation tests as those of Example 2 were conducted on the lami- 
nate. The results are shown in Table 2. 
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REFERENTIAL EXAMPLE 

In this referential example, Example 2 was repeated expect in that the glass plate was not treated with the silane 
coupling agent. The results are shown in Table 2. With respect to these results, it is considered that a strong bonding 
5 between the glass plate and the adhesive was not obtained because the glass plate did not have active hydrogen ther- 
eon. 



Table 2 





External Appearance 


Peeling Strength (kgf/cm 2 ) 




Before Test 


After Test 


Before Test 


After Test 


Example 2 


Colorless and Transparent 


Colorless and Transparent 


4.1 


4.3 


Com. Ex. 2 


ditto 




0.8 




Com. Ex.3 


ditto 


Adhesive yellowed. 


2.6 


0.3 


Ref. Ex. 


ditto 




0.1 





20 

Claims 

1 . An adhesive for bonding together a first substrate made of a vinylidene fluoride resin and a second substrate, said 
25 adhesive comprising: 

an elastic fluorohydrocarbon resin; 
a polyisocyanate; and 
an organic solvent 

30 

2. An adhesive according to Claim 1 , wherein said elastic fluorohydrocarbon resin is prepared by a method compris- 
ing the steps of: 

(a) copolymerizing at least one first fluorine-containing monomer with at least one second monomer having (i) 
35 at least one double bond and (ii) at least one peroxy bond, thereby to produce a fluorine-containing copolymer 

having a glass transition temperature below room temperature and a peroxy bond capable of decomposition 
during graft copolymerization; 

(b) providing a dispersion of sad fluorine-containing copolymer in a liquid medium; 

(c) introducing into said dispersion a third vinylidene-f luoride monomer; and 

40 (d) polymerizing said third monomer in said dispersion so as to cause decomposition of said peroxy bond, 

thereby causing at least a portion of said third monomer to undergo graft copolymerization with said copolymer. 

3. An adhesive according to Claim 1 , wherein said vinylidene fluoride resin comprises one of a polyvinylidene fluoride 
45 and a copolymer of vinylidene fluoride and at least one other monomer, and wherein said vinylidene fluoride resin 

has a molar ratio of a vinylidene fluoride structural unit to at least one other structural unit caused by said at least 
one other monomer of from 50:50 to 100:0. 

4. An adhesive according to Claim 1 , wherein said second substrate has thereon active hydrogen. 

so 

5. An adhesive according to Claim 1 , wherein said organic solvent comprises N, N-dimethylformamide. 

6. An adhesive according to Claim 1 , wherein said polyisocyanate is one of hexamethylene diisocyanate and an iso- 
cyanurate derived from said hexamethylene diisocyanate. 

55 

7. An adhesive according to Claim 1 , wherein said second substrate is coated with a primer such that said second 
substrate has thereon active hydrogen. 

8. An adhesive according to Claim 3, wherein said at least one other monomer is one selected from the group con- 
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sisting of tetraf luoroethylene, hexafluoropropylene. chlorotrrfluoroethylene and hexafluoro acetone. 

9. An adhesive according to Claim 2, wherein said at least one second monomer is one of an unsaturated peroxy 
ester and an unsaturated peroxycarbonate. 

10. An adhesive according to Claim 2, wherein the ratio of said fluorine-containing copolymer to said third monomer is 
within a range from 30:70 to 95:5 by weight. 

1 1 . An adhesive according to Claim 1 , wherein the ratio of said polyisocyanate to said elastic f luorohydrocarbon resin 
is within a range from 0.3:1 00 to 50:1 00 by weight 

1 2. An adhesive according to Claim 1 1 , wherein the ratio of said polyisocyanate to said elastic f luorohydrocarbon resin 
is within a range from 0.5:100 to 30:100 by weight. 

1 3. An adhesive according to Claim 1 , wherein said polyisocyanate is one selected from the group consisting of ethyl- 
ene diisocyanate, tetramethylene diisocyanate, hexamethylene diisocyanate, dodecamethylehe diisocyanate, 
1,6,11-undecane triisocyanate, 2,2,4-trimethylhexane diisocyanate, 2,6-diisocyanate methylcaproate, bis(2-isocy- 
anate ethyl) fumarate, bis(2-isocyanate ethyl) carbonate. 2-isocyanate ethyl-2,6<liisocyanate hexanoate. isophor- 
one diisocyanate, 4,4*-diphenylmethane diisocyanate, dicyclohexylm ethane diisocyanate, cyclohexylene 
diisocyanate, methylcyclohexylene diisocyanate, bis(2-isocyanate ethyl)-4-cyclohexene-1 ,2-dicarboxylate, xylylene 
diisocyanate, diethylbenzene diisocyanate and tolylene diisocyanate. 

14. An adhesive according to Claim 7, wherein said primer comprises a silane coupling agent 

15. An adhesive according to Claim 1, wherein said organic solvent comprises a first solvent which is at least one of 
N,N-dimethylacetoamide and N-methytpyrrolidone. 

1 6. An adhesive according to Claim 5, wherein said organic solvent is a solvent mixture of N,N-dimethyrformamide and 
at least one other solvent selected from ketones and esters. 

1 7. An adhesive according to Claim 1 5, wherein said organic solvent is a solvent mixture of said first solvent and a sec- 
ond solvent which is at least one selected from the group consisting of ketones and esters. 

18. A laminate comprising: 

a first substrate made of a vinyiidene fluoride resin; and 

a second substrate which is stuck to said first substrate by an adhesive of Claim 1 . 
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